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INTRODUCTION 


In  the  early  1900's,  when  American  forestry  was  in  its  infancy, 
foresters  sensed  the  tremendous  growth  potential  of  Dougias-fir  but  had 
only  sketchy  knowledge  of  its  development  in  natural,  young-growth  stands. 
Industry  also  quickly  recognized  the  place  of  Douglas-fir  as  the  Pacific 
Northwest's  most  important  timber  tree  —  a  position  it  continues  to  occupy. 
Since  wise  management  of  the  species  depended  upon  accurate  yield  fore- 
casts, the  Forest  Service  began  early  to  study  Douglas-fir  on  a  systematic, 
regionwide  basis.    A  primary  Forest  Service  objective  was  to  obtain  a  solid 
foundation  for  growth  and  yield  estimates  through  periodic  sampling  of  nearly 
pure,  well-stocked  stands. 

From  1909  to  1939,    numerous   permanent  sample  plots  were  es- 
tablished under  the  direction  of  E.  J.  Hanzlik,  J.  V.  Hofmann,  R.  E. 
McArdle,  W.  H.  Meyer,  T.  T.  Munger,  and  W.  Peterson  of  the  Pacific 
Northwest  Forest  and  Range  Experiment  Station.    Though  some  plots  have 
been  abandoned  for  various  reasons,  the  31  remaining  have  been  remeasured 
at  approximate  5-year  intervals  since  time  of  establishment.    In  1962,  the 
sampled  stands  ranged  in  age  from  77  to  121  years.    This  summary  of  plot 
records  spans  periods  of  22  to  47  years. 

Foresters  with  experience  in  sample  plot  establishment  will  appre- 
ciate the  difficulties  faced  by  earlier  workers  in  finding  stands  that  were 
"just  right."    The  objective  was  1-acre  plots,  but  in  some  cases  lack  of 
stand  uniformity  necessitated  smaller  plots.    Access  posed  problems  of  a 
magnitude  seldom  encountered  today.    In  1910,  for  example,  a  full  day  by 
stage,  rowboat,  and  foot  travel  was  required  to  cover  the  30  miles  separ- 
ating three  plots  on  the  Willamette  drainage  from  Eugene,  Oreg.  --an  hour's 
drive  by  car  today  (Munger,  1946b). 

These  31  plots--the  oldest  in  the  Douglas-fir  region--have  witnessed 
many  of  the  growing  pains  associated  with  development  of  plot  establishment 
and  tree  measurement  techniques  over  the  past  50  years.    Some  of  the  earli- 
est plots  were  established  on  a  surface  instead  of  a  horizontal  area  basis. 
Calipers,  used  in  the  earlier  measurements ,' gave  way  to  the  more  accurate 
and  convenient  diameter  tape  about  1920.    Similarly,  introduction  of  the 
Abney  level  about  1925  considerably  improved  height  determinations  for- 
merly made  by  the  Forest  Service  hypsometer.    Some  of  the  first  tree  tag- 
ging failed  to  follow  a  systematic  pattern.    This  oversight  elicited  a  number  . 
of  caustic  notes  which  were  entered  in  the  office  reports  by  later  observers. 

This  paper  is  intended  to  (1)  acquaint  the  reader  with  the  31  surviving 
plots,  (2)  make  available  the  wealth  of  statistical  data  derived  from  these 
plots,  and  (3)  describe  briefly  some  of  the  knowledge  yielded  by  analysis  of 
the  plot  data. 


PLOT  DESCRIPTIONS 


One  of  the  most  striking  features  of  these  plots  is  their  consistent 
substantiation  of  normal  growth  and  yield  predictions  for  natural  stands  of 
Douglas-fir.    The  few  exceptions  have  been  due  to  persistent  and  heavy- 
bark  beetle  and  root  rot  attack.    When  these  attacks  ceased,  trends  toward 
normality  resumed. 

Each  plot  was  chosen  initially  for  its  good  stocking.  Underbrush, 
usually  lacking  during  early  measurements,  has  gradually  increased  on 
most  plots.    The  implications  of  this  trend  in  regard  to  reproduction  of 
managed  stands  warrant  further  study. 

General  descriptive  data  of  all  31  plots  are  outlined  in  table  1. 
Tables  2  to  8  present  the  cumulative  statistics  of  the  live  stand  through  the 
latest  field  examination.    Supplementary  notes  on  plot  location  and  history 
appear  on  the  page  facing  each  table. 


Table  1 . --Description  of  permanent  sample  plots 


National  Forest 
and 

plot  numbers 

Established 

Legal 

description 

Topographic  features 

Annual 
precipi- 
tation 

Year 

By 

Section  : 

Township  :   Range— ^ 

Elevation 

Slope 

Aspect 

Feet 

Percent 

Inches 

Willamette: 

1.  2,  3 

1910 

Munger 

19 

20  S. 

2  E. 

700 

0-30 

N. 

48 

Siuslaw: 

4,  5 
6,  7,  8 
9,  10 

1911 
1911 
1926 

Hanzlik 
Hanzlik,  Meyer 
Meyer 

6 

21,  22 

16  S. 
15  S. 

8  W. 

9  W. 

2/  800 
-'1,300 

15-25 
(2/  3/) 
20-40 

S.:  SW. 

W.i.' 

NE. 

- 

4/ 

Wind  River:- 

4,  90 
5 

2,  9 

1914, 
1939 
1914 
1914, 
1924 

Hofmann,  Peterson 
Hofmann 

Hofmann,  McArdle 

13 
13 

34 

4  N. 

4  N. 

5  N. 

7k  E. 
7k  E. 

7  E. 

1,300 
1,400 

2,600 

5-50 
65-100 

2-15 

W.  ;  E. 
E. 

E.  to  NE. ; 
N.   to  NW. 

100 
- 

Olympic : 

1,  2 
3,  4 

1926 
1926 

Meyer 
Meyer 

34 
24 

2  7  N. 
29  N. 

2  W. 

3  W. 

100 
200 

0-60 
30-60 

W.  to  NW. 
W.  to  SW. 

50 
35 

ijirrora  rincnot. 

1  to  5 
7,  9 

1927 
1927 

Meyer 
Meyer 

7,  8 
6 

11  N. 

12  N. 

8  E. 
7  E. 

1,800 

0-10 
0-50 

S. 

S.  to  SE. 

61 

Snoqualmie: 
1,  2 

1928 

Meyer 

16 

14  N. 

8  E. 

2,500 

15-20 

SW. 

81 

Mt.  Hood: 

1.  2,  3 

1930 

Meyer 

14 

3  S 

7  E. 

1,900 

60 

NE.  to  SE. 

100 

—  East  or  west  of  the  Willamette  meridian. 

2/ 

—  Data  for  plot  8,  but  representative  of  the  other  two. 
3/ 

—  Ridge  top. 

4/ 

—  Wind  River  District,  Gifford  Plnchot  National  Forest. 
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KNOWLEDGE  GAINED  FROM  PERMANENT  GROWTH  AND  YIELD  PLOTS 


To  the  best  of  the  author's  knowledge,  all  published  information  derived  from  the 
plots  is  summarized  in  the  following  section.  No  attempt  has  been  made  to  cover  publi- 
cations other  than  those  based  on  direct  analysis  of  plot  data. 

The  articles  are  discussed  by  subject  matter,  chronologically  within  each  subject. 
Remarks  are  confined  to  the  main  ideas  in  each  article. 


NORMAL  YIELD  TABLES 

Probably  the  most  significant  publication  to  which  these  plots  contributed  data  is 
Technical  Bulletin  201,  "The  Yield  of  Douglas-fir  in  the  Pacific  Northwest"  (McArdle 
et  al.  ,  1949),  which  includes  Bruce's  '  A  Revised  Yield  Table  for  Douglas-fir"  (1948). 
This  has  been  a  standard  reference  of  foresters  since  its  publication.    Subsequent  data 
obtained  from  the  growth  and  yield  plots  have  generally  substantiated  the  yield  tables. 

TRENDS  TOWARD  NORMALITY 

Meyer  (1933)  pioneered  work  in  this  direction  for  Douglas-fir.    The  permanent 
sample  plots  had  not  been  established  long  enough  to  allow  consideration  of  the  effect  of 
age,  but  he  was  able  to  demonstrate  the  effect  of  existing  normality  percentage  on  future 
normality  and  derived  regression  equations  for  the  standard  units  of  measure  according 
to  the  form: 

change  (%)  =  a  +  b  (present  normality). 

Briegleb,  in  a  later  analysis  (1942)  was  able  to  use  age  as  another  independent 
variable.    His  regression  equations  of  the  form, 

change  (%)  =  a  +  b  (age)  +  c  (normality), 

provided  multiple  correlation  coefficients  above  0.  6  (43  degrees  of  freedom)  for  cubic- 
foot,  International  board-foot,  and  Scribner  board-foot  standards  of  normality. 


GROWTH  OF  DOUGLAS- FIR 

Reporting  of  growth  data  from  permanent  sample  plots  in  Douglas-fir  stands  began 
with  a  presentation  by  Munger  (1915)  at  the  annual  meeting  of  the  Society  of  American 
Foresters.    The  Willamette  plots  had  then  been  established  for  5  years. 

Meyer  (1928)  reported  further  on  the  growth  of  these  plots  and  observed  how  dis- 
tribution of  stand  diameter  class  frequency  changed  with  time.    He  noted  that  all  plots 
showed  a  trend  in  frequency  distribution  from  a  skewness  toward  the  small  diameters  in 
young  stands,  through  a  nearly  normal  distribution,  to  a  skewness  toward  the  larger 
diameters  as  the  stands  matured.    A  thorough  discussion  of  diameter  distribution  series 
in  even-aged  stands  became  available  in  a  subsequent  publication  (Meyer,  1930). 

Munger  (1946b)  had  the  opportunity  to  review  the  Willamette  plots  after  3  5  con- 
secutive years  of  experience  with  them.    A  most  valuable  contribution  of  these  plots  has 
been  a  detailed  life  history  typical  of  stands  occurring  over  millions  of  acres  in  the 
Pacific  Northwest.    Although  they  had  suffered  occasional  heavy  losses  from  fire,  insects, 
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snowbreak,  and  wind,  they  had  an  average  volume  per  acre  of  over  78,  000  board  feet, 
Scribner  rule,  at  age  90,  thus  demonstrating  the  recuperative  powers  of  natural  stands. 
Despite  periodic  annual  volume  growth  ranging  from  286  to  minus  99  cubic  feet  per  acre, 
the  plots  have  substantiated  the  generalization  that  the  various  measures  of  stocking  for  a 
particular  stand  all  trend  toward  normality. 

The  Douglas-fir  Second-Growth  Management  Committee  (1947)  analyzed  25,000 
individual  tree  measurements,  covering  35  years'  experience  with  the  permanent  growth 
and  yield  plots,  to  develop  stand  table  projection  methods  for  well-stocked  Douglas-fir 
stands.    This  analysis  derived  diameter  growth  and  Scribner  and  cubic-volume  growth 
according  to  site  index,  crown  class,  d.b.h.,  and  stand  age.    The  tables  in  the  reference 
were  for  site  III  only  and  illustrated  the  following  general  conclusions  in  regard  to  cubic- 
volume  growth: 

1.  When  trees  of  a  certain  d.b.h.     but  of  differing  ages  and  crown  classes  are 
considered,  growth  and  growth  percent  decrease  with  increasing  age  and  in- 
crease with  increasing  dominance. 

2.  When  trees  of  a  certain  age  and  crown  class  are  considered,  growth  increases 
with  d.b.h.  Growth  percent,  however,  decreases  with  increasing  size,  except 
for  the  older  age  classes  where  there  is  little  differentiation. 

Over  all  site  classes,  a  study  such  as  this  provides  an  unexcelled  view  of  the 
growth  dynamics  of  natural,  even-aged,  well- stocked  stands  of  Douglas-fir. 

Spurr  (1952),  in  assessing  various  stand  characteristics  as  direct  estimators  of 
cubic  volume  per  acre,  bypassed  tree  volume  tables  and  used  the  plot  data  to  make  re- 
gression analyses  of  volume  on  different  combinations  of  basal  area,  total  height  (domi- 
nants and  codominants ),  age,  site  index,  and  basal  area  times  height.    Basal  area,  total 
height,  and  the  product  of  these  two  provided  the  most  accurate  estimates;  age  and  site 
index,  the  least  accurate.    Further,  the  height  times  basal  area  estimate  alone  gave  a 
standard  error  of  6  percent. 

He  also  analyzed  the  plot  data  to  test  rate  of  cubic-volume  growth  against  several 
stand  characteristics.    Site  index  and  stand  age  had  the  highest  correlation  with  volume 
growth.    The  correlation  coefficient  was  0.  765  (33  degrees  of  freedom).    Average  diameter 
of  the  stand  made  a  slight  improvement  in  the  estimate. 

In  a  discussion  of  trends  of  basal  area  per  acre  with  stand  age,  Spurr  used  the 
permanent  plot  data  to  show  the  linearity  of  gross  basal  area  with  time.    The  curvilinear 
trend  of  net  basal  area  reflected  the  increasing  significance  of  mortality  as  stands  get 
older. 

A  linear  regression  analysis  of  eight  factors  related  to  net  basal  area  growth 
showed  that  basal  area  itself  is  the  best  single  indicator.    The  addition  of  age  as  an  inde- 
pendent variable  improved  the  correlation  somewhat  but,  for  all  practical  purposes ,  basal 
area  alone  was  suitable. 

Staebler  (1954)  used  data  from  some  of  the  78-year-old  Gifford  Pinchot  plots  as  an 
argument  to  retain  thrifty  young  stands  at  least  to  the  culmination  of  mean  annual  incre- 
ment.    The  average  annual  value  growth  percent  of  9.9,  achieved  by  these  plots  in  going 
from  52  to  78  years  old,  might  be  considered  adequate  by  any  owner.    Furthermore,  mean 
annual  increment  and  value  per  thousand  board  feet  were  still  increasing. 

Johnson  (1955)  used  the  plot  remeasurements  to  compare  the  accuracy  of  seven 
common  methods  for  volume    growth    prediction.      The  best  method  assumed  that 
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well-stocked  stands  put  on  normal  growth.    The  other  methods  gave  biased  results  or  had 
a  larger  standard  deviation  than  did  the  normal-growth  method.    This  confirms  Spurr's 
conclusions,  noted  previously,  in  regard  to  cubic-volume  growth. 

Worthington  and  Staebler  (1961),  in  examining  some  of  the  permanent  sample 
plots,  found  that  trees  below  the  average  diameter  of  the  stands  had  27  percent  of  the 
total  basal  area,  though  they  contributed  only  16  percent  of  the  total  basal-area  growth. 
The  implication  was  that  thinnings  could  remove  about  25  percent  of  stand  basal  area  in 
the  smaller  trees  with  little  sacrifice  in  increment. 

The  same  authors  also  found  a  definite  relation  between  crown  class  and  the  live 
crown— total  height  ratio.    The  ratio  increases  with  dominance. 

MORTALITY 

Johnson  (1953)  examined  the  permanent  plot  records  for  mortality.    He  found  that 
the  mortality  on  all  plots  averaged  83  cubic  feet  or  284  board  feet  (Scribner)  per  acre  per 
year,  a  figure  significant  enough  to  alert  forest-land  owners. 

Staebler  (1953)  found  that  reasonable  estimates  of  mortality  for  any  particular 
diameter  class  in  the  permanent  plot  stands  could  be  made  on  the  basis  of  stand  age, 
site  index,  and  d.b. h.    Separate  equations  were  required,  one  for  intermediate  and 
suppressed  trees  and  one  for  dominants  and  codominants.    A  strong  correlation  coeffi- 
cient, 0.715  (68  degrees  of  freedom),  for  the  intermediate-suppressed  equation  reflected 
the  more  regular  mortality  due  to  suppression  in  well-stocked  stands.    The  dominant- 
codominant  equation  had  a  weak  correlation  coefficient,  0.266  (68  degrees  of  freedom), 
reflecting  the  irregular  mortality  in  the  dominant  portion  of  stands. 

GROSS  YIELD  TABLES 

Munger  (1946a)  wrote  on  the  cumulative  mortality  and  gross  growth  of  these  plots. 
His  article  was  the  first  attempt  to  derive  gross  yield  tables  for  Douglas-fir,  but  he  felt 
that  the  data  were  too  limited  for  his  figures  to  be  applicable  over  all  site  and  age  classes. 

Staebler  (1955a)  expressed  average  volume  of  trees  that  die  during  any  particular 
decade  as  a  function  of  the  average  volume  of  trees  living  at  the  beginning  of  that  decade. 
Limitations  on  age  and  size  range  of  timber  prohibited  development  of  a  curvilinear  re- 
gression.   Therefore,  two  linear  regressions  were  combined  to  fit  the  data.    This  work 
led  to  Staebler's  "Gross  Yield  and  Mortality  Tables  for  Fully  Stocked  Stands  of  Douglas- 
fir"  (1955b).    These  gross  yield  figures  provide  a  goal  for  forest  managers. 

ESTIMATING  STAND  AGE 

As  used  in  McArdle's  (1949)  Douglas-fir  yield  tables,  stand  age  was  determined 
by  averaging  dominant  and  codominant  trees  in  the  ratio  of  1  to  4.  In  analyzing  the  plot 
data,  Johnson  (1954)  found  that  estimates  of  stand  age,  reliable  enough  for  use  with  the 
yield  tables,  could  be  made  from  dominant-tree  measurements  only: 

Subtract  1  year  for  dominants  30  to  80  years  old 
Subtract  2  years  for  dominants  81  to  130  years  old 
Subtract  3  years  for  dominants  131  to  180  years  old 
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HEIGHT  GROWTH  AND  SITE  INDEX 


Staebler  (1948)  proposed  measuring  heights  of  only  dominant  trees  for  determina- 
tion of  site  index.    More  reliable  identification  of  dominants  plus  clearer  visibility  of 
their  tops  reduces  both  bias  and  measurement  time  in  field  work.    He  used  data  from  the 
growth  and  yield  plots  to  arrive  at  a  factor  for  converting  from  height  of  dominants  only 
to  that  of  dominants  and  codominants. 

Spurr  (1952)  felt  that,  in  general,  actual  growth  from  permanent  sample  plots 
would  develop  better  site  index  curves  than  harmonized  data  from  temporary  plots.  He 
used  the  height  and  age  measurements  from  the  permanent  plots  to  construct  natural  site 
index  curves  for  Douglas-fir.    A  comparison  of  these  curves  with  the  yield  table  curves 
shows  that  the  natural  site  curves  have  a  shallower  gradient  in  the  younger  age  classes. 

In  Spurr's  analysis  of  the  plot  data,  age  was  found  to  be  the  single  factor  best  re- 
lated to  height  growth.    With  two  factors,  however,  total  height  itself  and  site  index  had 
the  best  correlation.    If  site  index  of  a  stand  is  known,  the  need  to  find  stand  age  in  pre- 
dicting height  growth  is  eliminated.    Otherwise,  the  correlations  substantiate  the  general 
use  of  site  index  curves  for  height-growth  prediction. 

LEVELS  OF  GROWING  STOCK 

Munger  (1945)  offered  the  accrued  experience  of  permanent  sample  plot  remeasure- 
ments  as  a  guide  to  identifying  and  enumerating  reserve  trees  under  low-thinning  practice. 

Briegleb  (1952)  used  data  from  the  Wind  River  growth  and  yield  plots  plus  other 
sources  to  substantiate  two  related  hypotheses:  (1)  that,  for  trees  of  a  given  breast-high 
diameter,  the  shorter  ones  have  larger  crowns  than  the  taller;  and  (2)  that,  for  trees  of 
a  given  height,  those  with  greater  breast-high  diameter  have  the  larger  crowns. 

An  analysis  of  measurements  from  thinned  stands  in  Prussia,  Denmark,  and 
western  Washington  yielded  an  equation  estimating,  for  average  diameter,  the  desirable 
number  of  trees  in  percent  of  normal  as  a  function  of  stand  height  in  percent  of  normal. 
Briegleb's  article  presents  tabular  solutions  to  the  equation  as  a  guide  to  thinning  practice. 
One  principal  advantage  of  this  approach  is  its  consideration  of  stand  history.    For  ex- 
ample, a  60-year-old  stand  that  had  never  before  been  thinned  would  be  differentiated 
from  a  similar  stand  reduced  in  stocking  by  repeated  thinnings. 

ECOLOGY 

Spilsbury  and  Smith  (1947)  used  tree-measurement  and  ground-cover  observations 
on  the  growth  and  yield  plots,  as  well  as  on  numerous  other  areas,  in  their  pioneering 
work  on  using  ground- cover  species  as  indicators  of  Douglas-fir  site  quality.    In  the 
United  States,  they  were  concerned  primarily  with  the  humid  temperate  areas  on  the  west 
slopes  of  the  Coast  Ranges  and  of  the  Cascade  Mountains.    They  established  definite  vege- 
tational  trends  by  site  types.    The  key  to  site  quality  was  not  the  presence  or  absence  of 
certain  species,  but  rather  the  relative  dominance  of  certain  species  in  relation  to  others. 
For  instance,  while  salal  may  be  abundant  over  all  sites,  it  is  dominant  iri  the  ground 
cover  only  on  the  poorer  sites. 
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FUTURE  PLOT  MANAGEMENT  AND  DISPOSITION  OF  DATA 


Due  to  the  shift  in  siivicultural  emphasis  from  unmanaged  to  managed  stands,  the 
Pacific  Northwest  Forest  and  Range  Experiment  Station  is  shifting  some  of  its  responsi- 
bility for  future  remeasurement  and  maintenance  of  these  plots. 

The  University  of  Washington  has  agreed  to  take  over  the  maintenance  and  re- 
measurement  of  the  plots  located  in  the  State  of  Washington.    Copies  of  all  remeasurement 
data  will  be  furnished  to  the  Experiment  Station. 


DISPOSITION  OF  EXISTING  DATA 

Office  reports  will  continue  to  be  on  file  and  available  to  the  public  at  the  Pacific 
Northwest  Forest  and  Range  Experiement  Station  in  Portland,  Oreg. 

In  addition  to  the  tables  presented  here,  these  reports  include  tables  of  periodic 
and  mean  annual  increment,  periodic  mortality,  and  relationship  of  plot  values  to  normal 
stand  values. 


Basic  individual  tree  data  is  being  punched  on  data- processing  cards  so  that  this 
wealth  of  tree-growth  information  can  be  made  available  to  all  Northwest  forest  research 
agencies  for  a  wide  variety  of  future  analyses.    Scientists  interested  in  using  this  data 
should  write  the  Director  of  the  Pacific  Northwest  Forest  and  Range  Experiment  Station 
for  information  on  availability  and  use  of  a  set  of  cards. 
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